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THROUGHFLOW DEVICE FOR MEASURING PLATELET FUNCTION OF 
PRIMARY HEMOSTASIS. AGGREGATION AND/OR COAGULATION 
AND/OR VISCOSITY OF BLOOD 

The present invention relates to a flow- through device for 
measuring the platelet function of primary hemostasis, the 
aggregation and/or the coagulation and/or the viscosity of the 
blood, the blood from a blood reservoir being aspirated with the 
help of a piston, which can be moved in a cylinder, through an 
aperture and the pressure in the space between the piston and 
the aspirated blood being measured. At the same time, the 
piston is moved by a driving mechanism, for example, in such a 
manner, that a nominal pressure is maintained in the space. The 
movement of the piston serves then as a measure of the amount of 
blood flowing through the aperture. Such a device is disclosed 
in the EP 0 223 044 Bl. 

The objective of the present invention is to configure such a 
device in such a manner, that the carrying out of extremely 
simple measurements becomes possible without the danger of 
contamination • 

This objective is accomplished by a device with the 
distinguishing features of claim 1. 



The essential advantage of the present invention lies therein 
that extremely simple measurements o£ the amount of blood 
flowing through an aperture of the device in question are 
possible, because the inventive device is in the form of a 
disposeUDle part, with which, in each case, only a single 
measurement is carried out. The danger of contamination 
therefore does not exist. Measurement errors, attributable to 
such contamination, can therefore be avoided. The present 
device, constructed as a disposable part, may be disposed, 
moreover, extremely simply in a measuring arrangement. For 
carrying out the measurement, blood can be filled in an 
extremely simple and rapid manner through a filler opening of 
the device into the reservoir and the required measurement 
operations for actuating the piston of the present device as 
well as the stirring rod of the same, as well as the positioning 
of the pressure sensor are possible by simply and automatically 
connecting appropriate driving mechanisms to the device. 

A further significant advantage of the present invention lies 
therein that there is only a very small dead volume between the 
piston and the cylinder of the present device, so that 
measurements with very small amoxints of blood already are 
possible. 
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Since the present device is a disposable part, costly 
maintenance work and cleaning operations advantageously are not 
required. 

Advantageous developments of the invention arise out of the 
dependent claims. 

The invention and its developments are explained in greater 
detail in the following in connection with the Figures, of which 

Figure 1 partially in section, shows the side view of a 
preferred embodiment of the inventive device for investigating 
the aggregation and/or the coagulation and/or the viscosity of 
the blood. 

Figure 2 shows a section through the inventive device along the 
line II -II of Figure 1. 

Figure 3 shows a section through the inventive device along the 
line III-III of Figure 1. 

Figures 4 to 6 show different possibilities for making a seal 
between the piston and the cylinder of the inventive device. 



3 



Figure 7 shows the inventive device disposed in a measuring 
arrangement, the measuring arrangement having a driving 
mechanism for moving the tension member of the piston, a driving 
mechanism for moving the stirring rod, a driving mechanism for 
positioning the pressure sensor, as well as a driving mechanism 
for locking and releasing the inventive device in the measuring 
arrangement by moving a carriage part into a measuring position 
or into a release position. 

Figure 7a shows a view of the fork part of the carriage part 
from above, the fork part being in the release position and the 
measuring position being indicated diagrammatically by a broken 
line. 

Figures 8a and 8b show a preferred embodiment of the coupling of 
the tension member to the piston of the inventive device. 

Figures 9a and 9b show a further preferred embodiment of the 
coupling of the tension member to the piston of the inventive 
device . 

Figure 10 shows a further preferred embodiment of the 
piston/cylinder arrangement of the inventive device. 
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In Figure 1, the inventive device for measuring the aggregation 
of the blood platelets or the coagulation of the blood or the 
viscosity of the blood is labeled 1. It comprises, essentially, 
a housing 2, a piston 5, a cylinder 4 and a stirring device 10, 
11, 12 and 13* 

As shown also in Figures 2 and 3, the housing 2 is constructed 
essentially tubularly. It is closed off by a bottom wall 60 at 
its lower end and is open at its top end. The side wall of the 
housing 2 is labeled 61. At its upper end, this side wall 61 
has a flange 15, which protrudes radially to the outside and 
surrounds the upper opening of the housing 2 . 

According to the representation of Figures 1 and 2, there is an 
outwardly curved projection, which is surroxinded by the 
approximately socket- shaped, outwardly inclined side wall region 
28, in the side wall 61 at the right side of the housing 2. Due 
to this curved projection, a filling space 3 is created, which 
forms a lateral opening region 29, which adjoins the upper 
opening of the housing 2 and through which the blood may be 
filled into the housing 2. The blood, filled through the 
opening region 29, flows downward in the direction of the bottom 
wall 60 of the housing 2 and collects in the reservoir 8 located 
ahead of the bottom wall 60. 
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At a different side region of the housing 2, prefercQ^ly opposite 
to the filling space 3, the side wall 61 of the housing 2 has a 
further, preferably rectangular projection, which is formed by 
the side wall regions 63, 64 and 65, as shown in Figures 1, 2 
and 3. Moreover, the sidewall region 63 has a slot-shaped 
opening 14, which extends in the longitudinal direction of the 
housing 2 approximately over the length of the upper third of 
the housing 2. The function of this further projection 63 to 65 
and of the slot -shaped opening 14 will be explained in greater 
detail later on. 

In the interior of the housing 2, there is a tubular cylinder 4, 
which, at its upper open end, has a ring-shaped flange 17, which 
protrudes radially to the outside and rests on the upper edge of 
the tubular housing 2. Prefereibly, the cylinder 4 and the 
housing each have a cross-section in the shape of an annulus* 
The cylinder 4 is closed off at the lower end by a bottom wall 
66, which is connected in a known manner with a small suction 
tube 6, which protrudes into the reservoir 8 and terminates 
shortly before the bottom wall 60 of the housing 2. The small 
suction tube 6 is in operative connection with an opening 67, 
which is disposed in the bottom wall 66 of the cylinder 4 and, 
in turn, is connected over an aperture 7 with the interior of 
the cylinder 4. Moreover, the aperture 7 may be disposed in an 
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aperture holder 71, which is inserted tightly in the opening 67. 
Preferably, the bottom wall 66 has a projection 68, which 
adjoins at the opening 67, is in the shape of an annulus and 
forms an elongation of the opening 67 and in which the end of 
the small suction tube 6, averted from the bottom wall 60, is 
inserted. 

It is pointed out that the small suction tube 6 may also have a 
very small diameter for certain measurement purposes, so that it 
forms a capillary resembling a blood vessel. 

In the interior of the cylinder 4, there is a piston 5, which 
can be moved in the direction of arrow 70, that is, in the 
longitudinal direction of the vessel 2 • The outer wall of the 
piston 5, which preferably also has a cross section in the shape 
of an annulus, is sealed with respect to the inner wall of the 
cylinder 7 . The diameter of the piston 5 is such that there is 
a relatively small gap 72 between its outer wall and the inner 
wall of the cylinder 17. Preferably, the piston 5 is hollow and 
closed off at its lower end by a bottom wall 73. 

The space between the piston 5 and the cylinder 4, corresponding 
to the gap 72, is connected at the upper end of the cylinder 4 
with an opening 16, which preferably is disposed in the region 



7 



of the flange 17 of the cylinder 2 and serves in a manner still 
to be explained in greater detail for measuring the pressure 
existing in said space. 

At the side of the bottom wall 73 of the piston 5, averted from 
the bottom wall 66 of the cylinder 4, there is a coupling part 
34, which, in a manner still to be explained in greater detail, 
may be connected mechanically with a tension member, which is 
not shown in Figure 1, for moving the piston 5 in the direction 
of arrow 70. 

The stirring device 10, 11, 12 and 13, which has already been 
mentioned above, will be described in greater detail in the 
following. It consists essentially of a lower stirrer part 11, 
which preferably is in the shape of a washer, and a stirring rod 
10, which extends in the longitudinal direction of the housing 2 
in the curved projection 63, 64 and 65 and, at its upper end, 
has a step part 13, which protrudes through the slot-shaped 
opening 14 radially to the outside over the side wall region 63 
and with which the stirring rod 10 can be moved up and down 
parallel to the arrow 70. The stirrer part 11 extends 
preferably perpendicularly to the longitudinal direction of the 
housing 2 and, approximately centrally, has a passage opening 
12, through which the capillary 6 extends. In this way, by 
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moving the stirring rod 10, the stirrer part 11 can be moved up 
and down in the direction of the arrow 70 in the reservoir 8 for 
mixing the blood contained in the reservoir, as will be 
explained later on in greater detail . 

With the edge region of its bottom wall 76, the cylinder 4 is 
seated on a shoulder 75, formed in the housing 2, and is firmly 
connected with the housing 2. 

In order to make an accurate and play- free guidance of the 
piston 5 in the cylinder 4 possible, bridges 76 are provided, 
which preferably are distributed uniformly over the periphery of 
the inner wall of the cylinder 4, extend in each case in the 
longitudinal direction and, starting out from the inner wall of 
the cylinder 4, extend in the direction of the outer wall of the 
piston 5, each bridge 76 preferably forming a peak 77, which is 
supported at the outer wall of the piston 5. Alternatively, the 
bridges may also be provided at the piston, in which case they 
are supported at the cylinder. 

It has already been pointed out that the piston 5 is sealed with 
respect to the cylinder 4 by a ring-shaped sealing device 18, 
which is shown diagrammatically and Figure 1. Various sealing 
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arrangements 18-1, 18-2 and 18-3 are now explained in the 
following in connection with Figures 4, 5 and 6. 

In accordance with Figure 4, the sealing arrangement 18-1 has 
the shape of an O ring seal, which is disposed in an inner 
groove 17-1 of the flange 17 or of the upper edge of the piston 
4. 

Figure 5 shows an embodiment, for which the sealing arrangement 
18-2 is a sealing part, which consists of a soft material, is 
integrally molded in the so-called duplex method to the upper 
surface of the flange 17, consisting of a comparatively hard 
material, or of the upper edge of the piston 4 and consists, for 
example, of a silicon material, which has been compounded with 
graphite. In the duplex method, the piston 4, with the flange 
17 and the sealing arrangement 18-2 are produced in one and a 
same pressing operation. 

According to Figure 6, it is also conceivable that the sealing 
arrangement 18-3 has the shape of a ring-shaped sealing lip, 
which is integrally molded to the inner side of the fleuige 17 
and consists of the material of the piston 4 or of the flange 
17. 
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It is pointed out that it is an essential distinguishing feature 
of the present invention that the above-described device 1 is in 
the form of a disposable part. This has the advantage that 
cleaning operations are not required when carrying out 
measurements, since each device is used only once for carrying 
out a measurement. Contaminations and errors in measurement, 
attributable to defective cleaning operations, can therefore be 
avoided. 

Polyethylene, in particular, is suitable as the material for the 
device 1, which preferably is produced by an injection molding 
process . 

A measuring arrangement 80 for carrying out a measurement with a 
device 1 is now explained in greater detail in the following. 

In a frame or a housing body 20 or the like, the measuring 
arrangement 80 has an accommodating space 21 for accommodating 
device 1, the accommodating space 21 preferably being 
constructed complement arily to the external contour of the 
device 1, so that the latter can be inserted automatically only 
in the correct position in the accommodating space 21. 
Accordingly, the accommodating space 21 also has accommodating 
regions for the curved projections 28 and 63, 64, 65. 
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The measuring arrangement 90 comprises four different driving 
mechanisms, namely a first driving mechanisms 33 for moving a 
tension member 32, which can be connected with the piston 5, a 
second driving mechanisms 23 for moving the stirring device 10 
to 13, a third driving mechanism 25 for moving or positioning a 
pressure sensor S and a fourth driving mechanism 27 for moving a 
carriage part 26. Moreover, the carriage part 26 and the first 
driving mechanisms 33, as well as the tension member 32, which 
can be actuated by the latter, can be moved by the fourth 
driving mechanism 27 into a measuring position, in which the 
tension member 32 may be connected mechanically with the piston 
5, and into a release position, in which the piston 5 and the 
tension member 32 are moved upward and separated from one 
another and the device 1 can be removed from the accommodating 
space 21. 

The carriage part 26 can be shifted preferably horizontally by 
the fourth driving mechanism 27 in the direction of arrow 28 
between said measuring position and the release position. The 
carriage part 26 has a fork- shaped part 30, which, in the 
measuring position, is pushed over the device 1 in the 
accommodating space 21 in such a manner, that especially the 
inner edges of the fork parts 82, which can be seen in Figure 
7a, are supported at the upper side of the flange 17 of the 
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cylinder 4, so that the upward motion of the cylinder 4 is 
effectively avoided when, in the measuring position, the piston 
5 is pulled upward through the recess, enclosed by a fork parts 
82, by moving the tension member 32 upward, as will be explained 
later on in greater detail. In the measuring position, the axes 
of the tension member 32 and of the piston 5 are aligned toward 
one another so that, as a result of the downward motion of the 
tension member 32, an automatic coupling of the tension member 
32 to the piston 5 can take place in the coupling device 34, as 
will be explained later on in greater detail. 

When the device 1 is inserted in the accoznmodating space 21, it 
is fixed, so that it cannot twist, in such a manner, that the 
above-mentioned opening 16 is aligned automatically to the 
movement direction, indicated by the arrow 83, of a pressure 
sensor S, moved by the driving mechanism 25, so that the sensor 
S can be moved completely and tightly by the driving mechanism 
25 into the opening 16 for measuring the pressure existing in 
the space between the cylinder 4 and the piston 5. 

At the carriage 26, above of the fork arms 82 of the fork part 
30, there is a holding part 84, which has a stepper motor 33 as 
driving mechanism 33 for moving the tension member 32. The 
stepper motor 33 can move the tension member 32, which 
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preferably is guided by a borehole 85 of the holding part 84, 
upward and downward in the direction of arrow 86. The lower end 
of the tension mexnber 32 can be connected mechanically with the 
piston 5 in the measuring position or separated from this piston 
5 by the coupling device 34, which is shown diagrammatically in 
Figure 7 . 

Figures 8a, 8b and 9a, 9b show preferred embodiments of this 
coupling device. 

According to Figure 9a, a hood- like coupling part 50, which is 
hollow on the inside and the lower side of which is divided into 
two halves by a slot extending in the longitudinal direction, is 
integrally molded to the lower end of the tension member 32. 
The lower end of the cavity, surrounded by the hood- like 
coupling part 50, has a region 90, which tapers conically 
towards the inside and serves as entrance incline for a further 
coupling part 56, which is fastened to the piston 5. The 
conical region 90, tapering obliquely to the rear, changes over 
into a cylindrical region 91, which extends approximately over 
the length of the slot 52. In the transition region between the 
conically tapering region 90 and the cylindrical region 91, an 
internal groove 51, disposed in the inner wall of the hood- 
shaped coupling part 50, is provided and preferably has a 
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semicircular shape. At its side averted from the conically 
tapering region 90, the cavity of the hood-shaped coupling part 
50 ends in a central depression 54/ which can be engaged by a 
central protrusion 55 of the coupling part 56 of the piston 5. 
Preferably, in the transition region between the cylindrical 
region 91 and the central depression 54, there is a region 53, 
which tapers conically towards the central region 54 and is 
constructed complementarily to a conical region 57 of the second 
coupling part 56 of the piston 5. When the first coupling part 
50 of the tension member 32 is moved over the second coupling 
part 56 of the piston 5, the protrusion 55 and the conical 
region 57 of the second coupling part 56 initially engage the 
cavity of the first coupling part 50, until a ring-shaped 
protrusion 58, which protrudes radially above the cylindrical 
region of the second coupling part 56, reaches the conical 
region 90 serving as access incline. Because of the arrangement 
of the slot 52, the first coupling part 50 expands so far and 
until the ring-shaped protrusion 58 of the second coupling part 
56 snaps into the ring-shaped inner groove 51 of the first 
coupling part 50, the central protrusion 55 then being disposed 
in the central depression 54 and the conical regions 53 and 57 
then lying in contact with one another. 
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When the first coupling device 50 is pulled £rom the second 
coupling device 56 in the reverse direction of motion, the hood- 
shaped first coupling part 50 expands so far because of the slot 
52 f that the ring-shaped protrusion 58 is pulled out of the 
inner groove 51. The coupling parts 50 and 56 are then 
separated from one another. 

It is pointed out that the embodiment of the coupling device 34 
of Figures 9a and 9b is suitable especially for the device 1 of 
Figure 1. 

In the following, in conjunction with Figure 10, a further 
embodiment of the piston/cylinder arrangement of the present 
device 1 is explained in greater detail, the cylinder 50, the 
aperture holder 52 and a small suction tube 53 being constructed 
corresponding to the embodiment of Figure 1. A piston 54 can be 
moved in the interior of the cylinder 50. The piston 54 
consists essentially of a piston part 51 with an integrated 
sealing lip 55 at the periphery of the piston part 51. At the 
side of the piston 54, averted from the aperture 52, a step 80, 
which can be connected over the diagrammatical ly shown coupling 
device 34 with the tension member 32, is integrally molded to 
the piston part 51. The particularly simple configuration of 
the piston 54 with the integrated sealing the 55 is an advantage 
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of this embodiment. In order to be able to measure the 
pressure, which exists in the space between the piston 54 and 
the cylinder 50, a borehole 82, which is shown in Figure 10 by 
broken lines and ends in an opening 53, which can be connected 
tightly with a pressure sensor, extends through the piston part 
51 and the step 80 as well as over the coupling device 34 and 
through the tension member 32. 

In conjunction with Figures 8a and 8b, a coupling device 34 is 
now explained, which is suitable particularly for the embodiment 
of the piston/cylinder arrangement of Figure 10. In this 
connection, a cylindrical cavity 3 9 is disposed in the step 80, 
the end region of the step 80 being divided preferably into two 
halves by a slot 40, which extends in the longitudinal 
direction. At the end facing the rod part 32, the cylindrical 
cavity 39 the cylindrical cavity 39 changes over into a 
conically expanded opening region 42, ahead of which there is a 
ring-shaped inner groove 41, which preferably has a semicircular 
cross section. 

At the end of the tension member 32, a protrusion part 35 is 
provided which, at the end region facing the step 80 of the 
piston 54, has a conically tapering and 37, which functions as 
an entrance incline. A ring-shaped seal 36, which preferably is 
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seated in a ring-shaped depression of the protrusion part 35, is 
disposed behind the conically tapering region 37. At the 
protrusion part 35, there is a ring-shaped protrusion 44, which 
is constructed complementarily to the inner groove 41 of the 
step 80 and, in the longitudinal direction, is at a distance 
from the sealing arrangement 36. When the tension member 32 is 
moved in the direction of the piston 54, the front end of the 
protrusion part 35 with the seal 36 initially reaches the 
cylindrical cavity 39 of the step 80, the conical regions 37 and 
42 acting as entrance inclines. Upon further movement, the 
protrusion part 35 is pushed into the cylindrical cavity 39 
until the ring-shaped protrusion 44, over the region serving as 
entrance incline, reaches the cylindrical cavity 39, the end 
region of the step 80, divided by the slot 40, expanding 
elastically until the ring-shaped protrusion 44 engages the 
inner groove 41. A tight connection between the protrusion part 
35 and the step 38 is then produced by the seal 36. 

Upon movement of the rod part 32 in the reverse direction, if 
the piston 54 remains stationary, the end region of the step 80 
expands elastically because of the arrangement of the slot 40. 
At the same time, the ring-shaped protrusion 44 of the 
protrusion part 35 can be pulled out of the inner groove 41 of 
the step 80, in order to separate the rod part 32 from the 
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piston 54. The regions of the borehole 82, which are disposed, 
on the one hand, in the rod part 32 and in the protrusion part 
35 and, on the other, in the step 80 and the coupling part 51 
and which were described already in connection with Figure 10, 
are connected tightly with one another by the arrangement of the 
seal 36 in the cylindrical body 39 when the rod part 32 is 
coupled to the piston 54 . 

In conjunction with Figure 7, the carrying out of a measurement 
is described in greater detail in the following with the help of 
the device 1, which is constructed as a disposable part. 

To begin with, when the carriage part 26 is in the release 
position, that is, when it has been moved to the left in Figure 
7 by the driving mechanism 27, so that the fork arms 82 release 
the accommodating space 21, a device 1 is inserted in the 
accommodating space 21 of the housing body 20 (Figure 7a) . 

Svibsequently, the driving mechanism 21 is operated in such a 
manner, that the carriage part 26 is moved to the right in the 
direction of arrow 28 into the measuring position, that is, to 
the rights in Figures 7, 7a in such a manner, that the cylinder 
4 of the device 1 is fixed by the fork arms 82 to prevent any 



19 



movement in the longitudinal direction, that is, in the upward 
direction. This is shown in Figure 7a by the broken lines L. 

Subsequently, blood is filled through the opening region 29 and 
the filling space 3 into the device 1, the blood subsequently 
flowing into the reservoir 8 of the device 1. 

By actuating the driving mechanism 25, the pressure sensor S is 
connected tightly with the opening 16 for measuring the pressure 
existing in the space between the piston 5 and the cylinder 4, 

The tension member 33 is moved downward by the driving mechanism 
33 until the coupling device 34 automatically produces a 
mechanical connection between the tension member 32 and the 
piston 5. 

Subsequently, by actuating the driving mechanism 33 for carrying 
out the measurement, the tension member 32 is moved upward, 
blood being aspirated from the reservoir 8 by way of the small 
suction pipe 6 through the aperture 7. The pressure, existing 
in a space between the piston 5 and the cylinder 4, is measured 
continuously with the help of the sensor S as a measure of the 
blocking or clogging of the aperture 7 . 
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By actuating the driving mechanism 23, the stirring rod 10 is 
moved back and forth continuously in the direction of arrow 24 
in the longitudinal direction of the device 1, the blood in the 
reservoir 8 being mixed continuously by the movement of the 
stirrer part 11 and kept in motion. It is pointed out that a 
temperature-controlling device is provided in the housing body 
20 and keeps the blood in the reservoir 8 at a specified 
temperature during the whole of the measurement. 

At the end of the measuring operation, the piston 5 is moved 
upward by the tension member 32 by actuating the driving 
mechanism 33, until it comes to rest against the stock part 31 
of the carriage part 2 . Upon further movement of the tension 
member 32 in the upward direction, the coupling device 34 is 
opened, so that the piston 5 is separated automatically from the 
tension member 32. 

By actuating me driving mechanism 37, the carriage part 26 is 
then moved into the release position, the upper edge of the 
cylinder 4 is released and the device 1 can be removed from the 
accommodating space 21 (Figure 7a) . 

In general, the present invention relates to a flow- through 
device for measuring the platelet function of primary 
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